A rod-shaped, endospore-forming, aerobic bacterium, designated T , was isolated from rhizosphere soil collected from the Taklamakan desert in Xinjiang (PR China). Growth was observed at 15-35 C (optimum 25 C), in 0 % and 20.0 % NaCl (optimum 8.0 %) and at pH 7.5-12.0 (optimum 8.0), respectively. The cell-wall peptidoglycan contained mesodiaminopimelic acid and the isoprenoid quinone was MK-7. The main fatty acids were iso-C 15 : 0 , anteiso-C 15 : 0 and anteiso-C 17 : 0 . The main polar lipids were diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. Phylogenetic analysis based on 16S rRNA gene sequences affiliated T to the genus Bacillus, and it showed the highest sequence similarities to Bacillus clarkii DSM 8720 T (96.1 %). The average nucleotide identity and in silico DNA-DNA hybridization values between FJAT-45347 T and the most closely related species were 68.5 and 26.2 %, respectively, which were lower than the thresholds commonly used to define species (96 and 70 %, respectively), indicating that it represented a member of a different taxon. The DNA G+C content was 40.6 mol%. The phenotypic characters and taxono-genomics study revealed that FJAT-45347 T represents a novel species of the genus Bacillus, for which the name Bacillus populi sp. nov. is
The genus Bacillus belongs to the domain Bacteria, phylum Firmicutes, class Bacilli, order Bacillales and family Bacillaceae, that includes rod-shaped, endospore-forming, facultatively aerobic, Gram-stain-positive bacteria [1] . At the time of writing, there were 344 species of the genus Bacillus recorded on LPSN (www.bacterio.net/bacillus.html, October 2017). During a survey of Bacillus diversity in the Taklamakan desert in Xinjiang (PR China), the vegetation was very sparse at the desert edge, but did contain some with some Populus euphratica plants, from which one strain, T , was collected from the rhizosphere soil. Previously, the phylogenetic diversity of culturable endophytic bacteria isolated from the P. euphratica at the disused ancient Ugan river of the middle reaches of Tarim River in Xinjiang has been reported [2] . A total of 62 phenotypically different isolates were sequenced and, according to their 16S rRNA sequence similarities to type strains of described organisms, placed into four phylogenetic groups (1, Firmicutes; 2, Actinobacteria; 3, Alphaproteobacteria and 4, Gammaproteobacteria), representing 18 genera and 32 species. Among them, the genera Bacillus and Pseudomonas were predominant and the most widely distributed organisms, comprising the majority of isolates, 40.32 and 16.13 %, respectively [2] , indicating that the cultivable bacterial diversity in the endophytic environment of P. euphratica was very abundant and included a high percentage of potential novel species found in the surroundings. FJAT-45347 T could not be assigned to any of the known species of the genus Bacillus on the basis of the results of 16S rRNA gene analysis. The aim of this study was to use genomics-based polyphasic taxonomy [3] to determine the exact taxonomic status of this potential novel species.
A range of growth temperatures (10, 15, 20, 25, 30, 35, 40, 45 , 50 and 55 C), NaCl concentrations (0, 1, 4, 6, 8, 10, 12, 14, 16, 20, 25 %, w/v) and pH values (6.0, 7.0, 7.5, 8.0, 9.0, 10.0, 11.0, 12.0, 13.0) with the buffer solutions of KH 2 PO 4 / NaOH (pH 6-8), NaHCO 3 /Na 2 CO 3 (pH 9-10) and NaOH (pH 11-13) were tested in LB. The growth was measured from the OD 600 , obtained using UV spectrophotometry (UV-2550, Shimadzu). The size of cells was determined by transmission electron microscopy (Jeol, Hitachi). Colony morphology was observed on Horikoshi I medium after 48 h of aerobic incubation under optimal growth conditions. The Gram-staining and the KOH lysis test were carried out according to the methods described by Gregersen [4] and Smibert and Krieg [5] . Endospores were examined according to the Schaeffer-Fulton staining method [6] . Motility was examined on motility agar [7] . Catalase activity was determined by investigating bubble production with 3 % (v/v) H 2 O 2 , and oxidase activity was determined using 1 % (v/v) tetramethyl p-phenylenediamine. Cell growth under anaerobic conditions was determined in a CO 2 incubator on anaerobically prepared maintenance media. Other physiological and biochemical characteristics were confirmed using API 20E, API 50CHB and API ZYM strips (Bio-M erieux) following the manufacturer's instructions. The sensitivities to the antibiotics clindamycin (2 µg), streptomycin (300 µg), vibramycin (30 µg), erythromycin (15 µg), gentamycin (120 µg), rifampicin (5 µg), vancomycin (30 µg), azithromycin (15 µg), penicillin G (10 µg), cefazolin (30 µg), ampicillin (10 µg), chloromycetin (30 µg), tetracycline (30 µg), oxacillin (1 µg) and amikacin (30 µg), polymyxin B (300 µg), gentamycin (10 µg), kanamycin (30 µg) and neomycin (30 µg) were tested.
Growth of FJAT-45347
T occurred at 15-35 C (optimum 25 C), between 0 % and 20.0 % NaCl concentration (optimum 8 %) and at pH 7.5-12.0 (optimum 8.0). On Horikoshi I medium, the colonies of FJAT-45347 T were circular, yellow, flat, smooth and about 3.4 mm in diameter. The size of cells was determined by transmission electron microscopy (Hitachi), with a length ranging from 2.3 µm to 3.4 µm and a diameter ranging from 0.7 µm to 0.8 µm (Fig. S1 , available in the online version of this article). They produced ellipsoidal endospores that were positioned centrally or terminally. It was observed that colonies only grew on the surface in anaerobic medium. Voges-Proskauer reaction was positive, but methyl red, nitrate reduction, hydrolysis of starch and Tween 40, 60 and 80 were negative. The phenotypic properties that differentiate T from its closest phylogenetic neighbours are given in Table 1 .
Genomic DNA was extracted from a single colony of FJAT-45347 T grown on LB plates at 30
C for 24 h using the bacteria genomic DNA extraction kit (Shanghai Generay Biotech) according to the manufacturer's instructions. The 16S rRNA gene was amplified and sequenced using primers and conditions described previously [8] . The 16S rRNA gene sequence was submitted to the GenBank database. Pairwise sequence similarities were calculated using a global alignment algorithm implemented in the EzTaxon-e database (http://eztaxon-e.ezbiocloud.net/) [9] . After multiple alignments of data by CLUSTAL_X [10] , phylogenetic trees were reconstructed using the neighbour-joining [11] , minimum evolution [12] and maximum-likelihood [13] methods implemented with MEGA version 6 [14] . For the reconstruction of all trees, sequence gaps were treated as complete deletions, evolutionary distances were computed according to the Jukes-Cantor model [15] and the reliability of each branch was evaluated by bootstrap analysis based on 1000 replications [16] . The 16S rRNA gene sequences used for the phylogenetic comparisons are shown in the maximum-likelihood phylogenetic tree with their strain designations and accession numbers.
The almost-complete 16S rRNA gene sequences (1436 bp) of FJAT-45347
T was determined and compared with those of the type strains of species with validly published names in order to estimate sequence similarities. Phylogenetic analysis using the neighbour-joining algorithm revealed that T represented a separate lineage (Fig. 1 ) within the genus Bacillus. The phylogenetic position was also confirmed by the trees generated using the methods of maximum likelihood (Fig. S2 ) and minimum evolution ( To confirm the 16S rRNA analysis, a further complete analysis was performed using the concatenated sequences of core genes from the whole-genome sequences of the novel species with those of its closest relatives. The genome of FJAT-45347 T has recently been sequenced by Beijing Novogene Bioinformatics Technology (Beijing, PR China). The average nucleotide identity (ANI) calculations were performed using the JSpecies software (www.imedea.uib.es/ jspecies). The ANI calculated using BLAST (ANIb) values of T and the related species B. clarkii DSM 8720 T , B. polygoni CCTCC AB 2014251 T and S. agaradhaerens DSM 8721 T were 68.5, 68.4 and 68.2 %, respectively, which were lower than the cut off value (96 %) previously proposed for the genus Bacillus [17, 18] .
Estimation of in silico DNA-DNA hybridization (isDDH) was performed using the Genome-to-Genome Distance Calculator (GGDC) [19, 20] . The partial genome files were uploaded to the GGDC 2.0 web interface (http://ggdc.dsmz. de/distcalc2.php) and the Formula 2 was used as recommended for the calculation of isDDH for in complete genomes. The isDDH values between FJAT-45347 T and B. clarkii DSM 8720 T , B. polygoni CCTCC AB 2014251 T and S. agaradhaerens DSM 8721 T were 26.2, 25.3 and 28.3 %, respectively, which were lower than the cut-off point of 70 % for the delineation of novel species [21] . These results supported the view that FJAT-45347
T represents a novel species of the genus Bacillus.
For determination of chemotaxonomic characteristics, the menaquinone system was analyzed as described by Collins et al. [22] using reverse-phase HPLC [23] . The cell-wall peptidoglycan was isolated after disruption of the cells by shaking with glass beads and subsequent total hydrolysis (4 mol l
À1
HCl, 100 C, 16 h). The amino acids and peptides in the hydrolysate were analyzed by two-dimensional ascending TLC on cellulose plates using previously described solvent systems [24] Extraction and analysis of polar lipids by two- dimensional TLC was performed according to the procedure described by Minnikin et al. [25] . For determination of cellular fatty acids, strains were harvested after cultivation on TSA at 30 C for 48 h. The cellular fatty acids in the cell walls were extracted and analyzed according to the standard protocol of the Microbial Identification System (MIDI) tested by GC (model 7890, Agilent) [26] .
The main menaquinone of FJAT-45347
T was MK-7. Analysis of the cell-wall peptidoglycan revealed that the isolate contained meso-diaminopimelic acid as the diagnostic diamino acid, as is typical of the large majority of members of the genus Bacillus. The polar lipids detected were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), one unknown aminolipid, one unknown phospholipid, and two unknown aminophospholipids (Fig. S4) . The cellular fatty acid profile of the strain comprised anteiso-C 15 : 0 (50.6 %) and anteiso-C 17 : 0 (17.1 %) (>10.0 %). The fatty acid profile of the strain was clearly qualitatively and quantitatively different from those of the closely related species ( Table 2 ). The iso-and anteisobranched fatty acids of the 14-and 17-carbon series are typical of profiles for members of the genus Bacillus [27] . Therefore, the phenotypic (morphology, biochemistry and chemotaxonomy) and genotypic (DNA G+C content, 16S rRNA gene sequence and taxono-genomic (isDDH and ANI) properties of T support its classification as representing a novel species within the genus Bacillus, for which the name Bacillus populi sp. nov. is proposed.
DESCRIPTION OF BACILLUS POPULI SP. NOV.
Bacillus populi (po¢pu.li. L. fem. gen. n. populi of the poplar tree Populus euphratica). *Data from Borsodi et al. [28] . †Data from Zhai et al. [29] . ‡Data from Aino et al. [30] . 60 and Tween 80, H 2 S and indole production and ornithine decarboxylase were negative. According to the API 50CHB system, can produce acid from L-arabinose, fructose, sorbitol, methyl a-D-glucoside, amygdalin, arbutin, salicin, cellobiose and trehalose, other substrates were negative. According to API ZYM, produces alkaline phosphatase, esterase (C4), esterase lipase (C8) and naphthol-AS-BI-phosphohydrolase but not a-glucosidase, lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. Sensitive to clindamycin, streptomycin, vibramycin, erythromycin, gentamycin, rifampicin, vancomycin, azithromycin, penicillin G, cefazolin, ampicillin, chloromycetin, tetracycline, oxacillin and amikacin but not to polymyxin B, gentamycin, kanamycin and neomycin. The cell-wall peptidoglycan contains meso-diaminopimelic acid and the main isoprenoid quinone is MK-7. The main polar lipids were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and phosphatidyl ethanolamine (PE).
The main fatty acids were iso-C 15 : 0 , anteiso-C 17 : 0 and anteiso-C 15 : 0.
The type strain, FJAT-45347 T (=DSM 104632 T =CCTCC AB 2016257 T ), was isolated from Populus euphratica rhizosphere soil collected from the Taklamakan desert in Xinjiang (PR China). The DNA G+C content of the type strain is 40.6 mol%. T and closely related species available from the GenBank database (accession numbers are given in parentheses). Branches corresponding to partitions reproduced in less than 50 % of bootstrap replicates are collapsed. The significance of each branch is indicated by a bootstrap value calculated for 1000 subsets. Bar, 0.01 substitutions per site. Bacillus subtilis NCIB 3610
T is the outgroup. 
